Due to the sensitive nature of the data collected, we do not have ethical approval to make the data underlying the study publicly available. However, interested individuals may contact Dr. Patricia Conrod (<patricia.conrod@kcl.ac.uk>) or any of the principal investigators of the IMAGEN study (listed on [www.imagen-europe.com](http://www.imagen-europe.com)) in order to request access to the data.

Introduction {#sec005}
============

Personality factors are consistently associated with psychopathology \[[@pone.0128271.ref001], [@pone.0128271.ref002]\] and measures of temperament in early childhood such as inhibition and impulsivity are found to predict psychopathology in adulthood \[[@pone.0128271.ref003], [@pone.0128271.ref004]\]. The nature of this relationship is, however, unclear. Cognitive vulnerability theories \[[@pone.0128271.ref005]\] posit that biases in attention (as well as memory and interpretation) contribute to the cause and maintenance of psychopathology. Personality is thought to impact the nature of an individual's beliefs and attentional biases \[[@pone.0128271.ref006], [@pone.0128271.ref007]\]. For instance, anxious individuals can overestimate the likelihood of risk and danger and can be hypervigilant to indications of threat. They may adopt safety seeking behaviours such as avoidance as a response to their threat bias, which may in turn maintain the experience of anxiety or escalate into an anxiety disorder \[[@pone.0128271.ref006], [@pone.0128271.ref007]\]. A model of "personality neuroscience" \[[@pone.0128271.ref008]\] provides an opportunity to integrate trait views of personality with processing of cognitive or affective information, and suggests that information processing styles may mediate the relationship between personality and behaviour. Indeed, personality traits such as anxiety and aggressivity have been shown to influence neural responses to facial emotion processing in adults \[[@pone.0128271.ref009]\].

Understanding individuals' sub-conscious processing styles and, in particular, biases in information processing, could help to elucidate their tendency to experience recurrent aversive emotional states. Attentional biases towards both positive and negative emotional cues are adaptive features of normal information processing that allow individuals to preferentially attend to emotionally-relevant stimuli. However, pronounced biases in emotional processing are also commonly seen across mental disorders such as depression, anxiety and externalising problems \[[@pone.0128271.ref010]--[@pone.0128271.ref012]\], with some suggesting that maladaptive functioning can be characterised as an exaggeration of normative \[[@pone.0128271.ref006], [@pone.0128271.ref013]\]. The evidence is, however, less well established within the developmental literature \[[@pone.0128271.ref012]\].

The emotional dot probe task is one of the most commonly used paradigms for assessing attentional biases to emotional stimuli \[[@pone.0128271.ref014]\], and involves the presentation of two words or pictures on a computer screen for a short interval of time, following which participants indicate the location of a dot. The task measures the time taken to respond to the appearance to the dot in the place of emotional (*i*.*e*. threatening) versus neutral stimuli. Difficulty in disengaging from threatening stimuli has been demonstrated in paediatric and adult anxious clinical and non-clinical populations through a meta-analysis of 172 studies \[[@pone.0128271.ref015]\]; in other words, anxious participants took longer to disengage from threatening stimuli than controls. Adults with depressive symptoms have been shown to demonstrate an attentional bias towards negative stimuli such as sad faces across 29 studies \[[@pone.0128271.ref016], [@pone.0128271.ref017]\]. With regards to the externalising spectrum, aggressive children and youth have been shown to pay more attention to aggressive than cooperative interactions \[[@pone.0128271.ref018]\] and impulsivity in 13--17 year-old youth has been associated with greater attentional biases towards angry relative to happy faces \[[@pone.0128271.ref010]\].

Whilst many studies support the commonly cited finding that anxious individuals have an attentional bias towards threatening stimuli \[[@pone.0128271.ref015]\], some do not support this association, which suggests that there are several important factors that may moderate this relationship. Firstly, findings in the childhood literature are less consistent than in studies on adults \[[@pone.0128271.ref014]\], suggesting that findings from the adult literature cannot necessarily be generalised to children. One reason for this may be limited attentional capacities, particularly in young children \[[@pone.0128271.ref019]\]. The task used to measure attentional bias is equally important. In the case of the dot probe task, some relevant factors are stimulus content and timing. Studies that uses words as target stimuli have reported a threat bias in anxious youth \[[@pone.0128271.ref020]--[@pone.0128271.ref023]\], whereas several studies that use picture stimuli such as faces did not \[[@pone.0128271.ref024], [@pone.0128271.ref025]\]. Conversely, a meta-analysis reported that results did not differ based on the use of word versus picture stimuli for the detection of a threat bias in anxious individuals \[[@pone.0128271.ref015]\]. The duration of stimulus exposure also impacts on the results obtained, as an attentional bias to threat is consistently detected at 500ms exposure \[[@pone.0128271.ref026]\], whereas attentional biases to depression are detected at longer exposures such as 1000ms \[[@pone.0128271.ref016]\]. The duration of stimulus exposure in the dot probe task associated with externalising problems or anger/hostility biases is, as yet, unclear \[[@pone.0128271.ref027]\]. The conditions during testing, and the mood of participants can also impact results, as some studies have noted that high state anxiety must be present in order to detect a threat bias in the dot-probe task in high trait-anxious children \[[@pone.0128271.ref028], [@pone.0128271.ref029]\]. Many studies also pre-select participants with high levels of the characteristics of interest (*e*.*g*. anxiety, depression, aggressivity), either in clinical or non-clinical ranges \[[@pone.0128271.ref015]\].

The role of attentional biases in healthy, community samples of youth has been examined less often than in clinical samples. Community samples allow us to evaluate the potential role of attentional biases in indicating prospective risk for the development of mental disorders, which could indicate a potential avenue for intervention for the onset of significant problems. Several authors have suggested that attentional biases, and the resulting impact on cognition, may partially mediate the relationship between temperament and mental disorders \[[@pone.0128271.ref030], [@pone.0128271.ref031]\]. The current study uses two personality measures to investigate this hypothesis in a youth community sample. The revised NEO Personality Inventory \[[@pone.0128271.ref032]\] assesses broad dimensions of personality, namely neuroticism, agreeableness, extraversion, openness and conscientiousness. Whilst they are not constructed as measures of psychopathology, some NEO traits are associated with mental health symptoms. Neuroticism, or the tendency to experience negative emotions, is considered by many to reflect the core of internalising problems, as well to be most important factor in behavioural public health, with its economic costs exceeding those associated with other psychiatric disorders \[[@pone.0128271.ref033]\]. A meta-analysis on the association between NEO personality traits and specific depressive, anxiety and substance use disorders revealed that all diagnostic groups were high on neuroticism and low on conscientiousness, and many disorders showed low extraversion \[[@pone.0128271.ref034]\]. Openness and agreeableness was largely unrelated to the analysed diagnoses. The Substance Use Risk Profile Scale (SURPS), on the other hand, was designed to and validated in the measurement of personality risk factors for the development of substance use and non-addictive psychopathology in youth and adults \[[@pone.0128271.ref035]--[@pone.0128271.ref037]\]. Namely, the internalising traits of hopelessness and anxiety sensitivity are risk factors for depressive and anxiety disorders, respectively \[[@pone.0128271.ref037], [@pone.0128271.ref038]\]. High levels of impulsivity, on the other hand, are associated with disinhibition over a range of behaviours, including antisocial tendencies \[[@pone.0128271.ref039]\] and Attention-Deficit/Hyperactivity Disorder \[[@pone.0128271.ref040]\]. Lastly, sensation seeking is associated with risk-taking behaviours for enhancement purposes, rather than with any particular form of psychopathology. A recent article has shown that using these four personality subscales on the SURPS can identify a high number of those who will develop substance use or mental health problems over 18 months, with sensitivity scores ranging from 72--91% \[[@pone.0128271.ref035]\]. Each scale is differentially related to specific mental health problems, and good specificity was obtained when examining the association between each personality scale and problematic outcomes. 70--80% of 14-year olds identified as high-risk by the impulsivity scale developed conduct or drug use problems within the next 18 months, and odds of developing severe depressive symptoms (for individuals prone to hopelessness) or emotional problems (for youth with high levels of anxiety sensitivity) over 18-months were 3--3.5 times greater than in youth without these high-risk profiles. One important practical advantage of the SURPS relative to the NEO is the length of the measure (23 versus 240 items), and therefore the ease of completion and potential for use as a systematic screening tool.

The current paper will present data from the IMAGEN study \[[@pone.0128271.ref041]\], the first multicentre study allowing an in-depth evaluation of risk phenotypes for mental disorders in adolescence using neuropsychological, self- and parent-report data on adolescents (as well as genetic and neuroimaging data, which will not be presented here). This detailed assessment in a large sample (N = 2257) distinguishes this sample from many others, and the longitudinal design allows an examination of prospective risk factors in a community sample. Specifically, this paper will explore whether attentional biases to emotional faces can identify youth at risk for mental disorders, and whether attentional biases to emotional faces overlap with known personality risk factors for psychopathology, and mediate the relationship between personality and psychopathology. The study also provides the opportunity to examine incremental validity of a measure of personality risk for psychopathology (the SURPS) relative to measures of normal variation in personality (the revised NEO).

Materials and Methods {#sec006}
=====================

Participants and procedure {#sec007}
--------------------------

Data from this project were obtained as part of the IMAGEN study, a multi-national research project coordinated by the Institute of Psychiatry, King's College London. IMAGEN was conducted in 8 European sites across the United Kingdom, Ireland, France and Germany. 2257 14-year old adolescents and their parents were recruited from schools and using an internet recruitment site ([www.imagen-info.com](http://www.imagen-info.com/)). Geographical areas were selected to maximise ethnic homogeneity, due to the genetic component of the IMAGEN study (not reported here). However, both private and state-funded schools were targeted in order to obtain a diverse sample of socioeconomic status, emotional and cognitive development. Written parental and child consent were required from all participants, following which adolescents were invited to complete a home-based assessment, and both adolescents and parents were invited to come to the local research centre for testing. The recruitment procedure and study protocol was approved by the KCL (King's College London) College Research Ethics Committee CREC/06/07-71. The data presented focus on three tasks from a larger assessment battery. 1602 participants were re-assessed at 16 years of age through a home-based assessment.

Measures {#sec008}
--------

Psytools software (Delosis Ltd, London, UK) was used to assess participants' personality, symptoms of mental disorders and emotional biases via its internet-based platform. Whilst personality and emotional biases were measured as part of a home assessment package, symptoms of mental disorders were assessed at the research facilities.

Personality {#sec009}
-----------

### Revised NEO Personality Inventory (NEO-PI-R) {#sec010}

The NEO-PI-R \[[@pone.0128271.ref032]\] is a 240-item questionnaire that assesses the "Big Five" dimensions of personality, namely Neuroticism, Extraversion, Openness, Agreeableness and Conscientiousness \[[@pone.0128271.ref042]\]. The NEOPI-R is validated as a method of assessing broad dimensions of personality in adolescence \[[@pone.0128271.ref043], [@pone.0128271.ref044]\]. Whilst it is not a measure of psychopathology, some NEO traits are related to mental health symptoms. A meta-analysis on the association between NEO personality traits and specific depressive, anxiety and substance use disorders revealed that all diagnostic groups were high on neuroticism and low on conscientiousness, and many disorders were associated with low extraversion \[[@pone.0128271.ref034]\]. Openness and agreeableness were largely unrelated to the analysed diagnoses.

### Substance Use Risk Profile Scale (SURPS) {#sec011}

The SURPS \[[@pone.0128271.ref037]\] is a 23-item questionnaire assessing variation in personality risk for substance abuse and non-substance related pathology along 4 dimensions: sensation seeking, impulsivity, anxiety sensitivity and hopelessness. This scale has good concurrent, predictive and incremental validity (relative to other personality measures) with regards to differentiating individuals prone to reinforcement-specific patterns of substance-use, and is concurrently and prospectively associated with substance misuse and non-substance-related externalising behaviours and internalising symptoms \[[@pone.0128271.ref035]--[@pone.0128271.ref037]\]. The scale was translated, piloted and validated at the French and German sites before use.

Development and Well-Being Assessment (DAWBA) {#sec012}
---------------------------------------------

The DAWBA is a computer-based package of questionnaires, interviews, and rating techniques designed to generate DSM-IV-TR (and ICD-10) psychiatric diagnoses for 5--16-year-olds. The DAWBA has been validated in community and clinical samples, and diagnoses were consistent with those reported in patients' case files \[[@pone.0128271.ref045]\]. The DAWBA has been validated in German \[[@pone.0128271.ref046]\], and the French version was developed for IMAGEN in cooperation with the author Robert Goodman. Both the child and parent were asked to respond, separately, to questions regarding the child's psychiatric symptoms, under the supervision of a research assistant. These different types of information were brought together by a computer program which predicted the likelihood of diagnosis from 0 (\<0.1%) to 5 (\>70%). These likelihood scores were used as an indication of symptom severity. Due to the low prevalence rates of each of these disorders in this community sample, only those disorders which had at least 3% of the sample reporting at least a 15% likelihood of diagnosis at baseline were used for these analyses, namely Generalised Anxiety Disorder (GAD; 6.6%), Major Depressive Disorder (MDD; 3.7%), Attention-Deficit/Hyperactivity Disorder (ADHD; 6.0%), Oppositional Defiant Disorder (ODD; 5.8%) and Conduct Disorder (CD; 8.2%). DAWBA scores were reassessed 2 years post-baseline using a web-based assessment, completed by both children and parents from home.

Emotional dot-probe task {#sec013}
------------------------

This task is a variant of MacLeod, Mathews & Tata's \[[@pone.0128271.ref047]\] widely used dot-probe task, and assesses attentional bias for emotional stimuli. Happy, angry and fearful facial expressions were used as emotional variants. 20 adult, greyscale IDs were selected from the MacBrain NimStim Face Stimulus Set (12 European-America, 8 African-American), and neutral faces of the same ID were used as matching stimuli. Participants were asked to respond indicating which side the probe was on using a computer keyboard. Trials were congruent (probe appeared behind the emotional face) or incongruent (probe appearing behind the neutral face). Each ID appeared once in each emotion in both types of trial (20x3x2 = 120 trials). The probe position (left vs right) was counter-balanced over the whole task and within each emotion condition. Although there is some debate as to whether words or picture stimuli are more sensitive measures of attentional biases, a meta-analysis of 172 studies reported that threat biases in anxious individual were equally consistent when measured with words or picture stimuli \[[@pone.0128271.ref015]\]. Face stimuli were displayed for 1000ms, following which the screen was cleared and participants' reaction times were measured. The emotional faces were presented head-on, although given that this data was completed as part of a home assessment, it was not possible to control for the participants' positioning relative to the computer during the task. Three attentional bias scores (anger, fear, happiness) were computed by subtracting the mean reaction times to congruent from incongruent probes for each emotion, with a positive bias indicating a greater reaction time latency to the emotional face. A fourth, general attentional bias score was calculated by obtaining the mean attentional bias across the three other emotions- in other words, this variable reflected the level of bias towards emotional stimuli, irrespective of valence (angry, fearful or happy). This study chose a 1000ms stimulus exposure in order to be more sensitive to depression-related \[[@pone.0128271.ref016]\], as less is known about this topic than threat-related biases in anxiety, which have more often been reported and are more reliably detected at 500ms exposure \[[@pone.0128271.ref026]\]. The optimal stimulus exposure to detect biases towards emotional faces associated with anger/hostility or externalising problems is, as yet, unknown \[[@pone.0128271.ref027]\], thus this did not impact the selection of the stimulus exposure.

Data validation and exclusion criteria {#sec014}
--------------------------------------

A number of validation checks were completed during the home assessment, *i*.*e*. asking participants whether they were in a hurry, distracted or being watched by others. If participants responded positively to these validation checks, or if their responses were doubtful (*e*.*g*. with mean reaction times \<100ms or if all responses were the same), their data was considered unreliable. These stringent reliability procedures were considered necessary for data completed as part of the home assessment as the research team sought to ensure that all data analysed was collected under similar conditions. Based on these validation checks, data for 191 participants (8.5%) were flagged as being unreliable based on their response to the SURPS, and 54 (2.39%) were flagged as being unreliable based on their responses to the dot probe task according to these criteria. In addition, participants whose mean reaction times were shorter than 200ms or longer than 2000ms on the dot probe task were also removed from the data, following recommendations by Koster, Crombez, Verschuere & De Houser \[[@pone.0128271.ref048]\]- this was the case for 69 participants (3.0%). The adjusted sample size was 1997 youth at baseline, and 1497 youth at follow-up. Being flagged for unreliable data at baseline was not predicted by any individual-level variables (*e*.*g*. gender, personality, attentional biases or mental health symptoms), however unreliable data differed significantly across recruitment sites (p\<.001), with French sites having the smallest percentage of unreliable data (8.8%), followed by German sites (9.2%), then English-speaking sites (10.1%).

Data analysis {#sec015}
-------------

Data were analysed using IBM SPSS Statistics version 21 (IBM corp, Armonk, NY) and STATA SE 13.1 (StataCorp, College Station, TX). The associations between personality trait levels, attentional biases and the likelihood of diagnosis of mental disorders at 14 years were examined using Pearson's correlation analyses with Bonferroni adjustments for multiple comparisons. Separate hierarchical linear regressions were conducted in STATA to examine the prospective relationship between personality trait levels and attentional biases at 14 years with the risk for mental health symptoms at 16 years (*i*.*e*. GAD, MDD, ADHD, ODD, CD). Regression analyses accounted for recruitment sites as a cluster variable, and non-independence observations were adjusted for using tests based on the Huber-White sandwich estimate of variance \[[@pone.0128271.ref049]\]. This method provides standard errors that are robust for within-cluster (within-site) correlation. Gender and baseline mental health symptoms were used as covariates in the analyses. Linear regressions were then repeated without including NEO personality factors, in order to examine the incremental validity of the SURPS measure. Lastly, regression analyses were repeated without NEO or SURPS personality variables in order to investigate the capacity of attentional biases towards emotional faces to predict symptom severity without accounting for personality.

Results {#sec016}
=======

Attrition {#sec017}
---------

Attrition at follow-up was not predicted by gender, mental health symptoms or emotional biases. However, rates of follow-up differed significantly across recruitment sites (p\<.001), with the highest follow-up rates in the English-speaking sites (81.2%), followed by the German sites (70%), then the French sites (51.9%). Participants with higher levels of impulsivity (p = .01), higher levels of sensation-seeking (p = .02), lower levels of openness (p = .003) and a higher likelihood of CD diagnosis (p = .01) were less likely to complete the follow up assessment. Other personality variables and mental health symptoms did not impact on the likelihood of participant attrition. Regression analyses were performed accounting for effects of gender, baseline mental health symptoms, personality and attentional biases. In order to account for baseline differences between recruitment sites, regression analyses in STATA accounted for recruitment sites as a cluster variable.

Please see [Table 1](#pone.0128271.t001){ref-type="table"} for reaction time data for the dot probe task according to emotional valence and trial type.

10.1371/journal.pone.0128271.t001

###### Dot probe task reaction times by emotional stimulus and trial type at 14 years.

![](pone.0128271.t001){#pone.0128271.t001g}

  Emotional face   Trial type[\*](#t001fn001){ref-type="table-fn"}   Reaction time in milliseconds
  ---------------- ------------------------------------------------- -------------------------------
  Anger            Congruent                                         463.90 (109.20)
                   Incongruent                                       466.29 (114.84)
  Fear             Congruent                                         467.00 (110.90)
                   Incongruent                                       465.35 (113.09)
  Happiness        Congruent                                         465.83 (112.57)
                   Incongruent                                       464.92 (114.91)
  General          Congruent                                         465.19 (100.74)
                   Incongruent                                       464.84 (103.36)

\*In congruent trials, the probe appeared behind the emotional face. In incongruent trials the probe appearing behind the neutral face.

Association between personality, attentional bias to emotional faces and symptoms of mental disorders {#sec018}
-----------------------------------------------------------------------------------------------------

Correlation analyses were conducted using Bonferroni-adjusted alpha levels of .0004 per test (.05/121). Impulsivity and hopelessness were positively correlated with risk for all mental health diagnoses at 14 years, and agreeableness and conscientiousness were negatively correlated with the risk for diagnoses (*p*\<.004). Anxiety-sensitivity was associated with risk for internalising disorders (GAD and MDD), and neuroticism were associated with risk for all disorders except CD (*p*\<.004). Sensation-seeking and extraversion were negatively associated with the risk of GAD diagnosis, and extraversion was also negatively correlated with the risk for MDD diagnosis (*p*\<.004). Openness was negatively associated with the risk for CD diagnosis at 14 years. Neither personality traits nor mental health symptoms at 14 years were correlated with attentional biases. Please see [Table 2](#pone.0128271.t002){ref-type="table"} for further details. The current data did not fulfill the necessary conditions to test whether emotion processing mediate the effects of personality on mental disorders \[[@pone.0128271.ref050]\] as, although the independent variable (in this case, personality) was related to the dependent variable (psychopathology), the mediator (attentional bias) was related to neither the dependent nor independent variables. Therefore, mediation analyses were not conducted.

10.1371/journal.pone.0128271.t002

###### Pearson's *r* correlation values between emotional biases, personality traits and mental health symptoms at 14 years.

![](pone.0128271.t002){#pone.0128271.t002g}

                                     Emotional bias   SURPS traits   NEO-FFI traits                                                                                                                   
  -------------------- ------------- ---------------- -------------- ---------------- ------ ------- ------- --------- -------- -------- ------------------------------------------ -------- -------- -------------------------------------------
  **DAWBA**            **GAD**       -.02             -.01           -.02             -.03   .24\*   .19\*   .11\*\*   -.08\*   .39\*    -.17\*                                     .05      -.14\*   -.07[\*](#t002fn001){ref-type="table-fn"}
                       **MDD**       .03              -.04           .004             -.01   .25\*   .08\*   .18\*\*   .004     .33\*    -.11\*                                     .03      -.20\*   -.08[\*](#t002fn001){ref-type="table-fn"}
                       **ADHD**      .02              .05            .02              .04    .14\*   -.03    .23\*     .05      .08\*    -.003                                      -.04     -.19\*   -.26[\*](#t002fn001){ref-type="table-fn"}
                       **ODD**       .01              .04            .04              .05    .11\*   -.02    .17\*     .01      .10\*    -.07                                       -.06     -.18\*   -.17[\*](#t002fn001){ref-type="table-fn"}
                       **CD**        .01              .01            .04              .03    .10\*   .002    .23\*     .05      .06      .03                                        -.08\*   -.26\*   -.20[\*](#t002fn001){ref-type="table-fn"}
  **SURPS**            **H**         .02              .01            .01              .01    \-      \-      \-        \-       .49\*    -.38\*                                     -.07\*   -.29\*   -.38[\*](#t002fn001){ref-type="table-fn"}
                       **AS**        -.02             .02            -.03             -.02   \-      \-      \-        \-       .35\*    -.07                                       .07\*    -.01     .04
                       **IMP**       .02              .02            .01              .02    \-      \-      \-        \-       .28\*    .11[\*](#t002fn001){ref-type="table-fn"}   -.11\*   .43\*    -.35[\*](#t002fn001){ref-type="table-fn"}
                       **SS**        -.002            .01            -.02             -.01   \-      \-      \-        \-       -.09\*   .19[\*](#t002fn001){ref-type="table-fn"}   .17\*    -.06     -.04
  **Emotional bias**   **Anger**     \-               \-             \-               \-     \-      \-      \-        \-       .01      -.03                                       -.01     -.02     -.04
                       **Fear**      \-               \-             \-               \-     \-      \-      \-        \-       -.02     -.003                                      .01      -.03     -.04
                       **Happy**     \-               \-             \-               \-     \-      \-      \-        \-       -.02     -.01                                       .004     -.02     -.02
                       **General**   \-               \-             \-               \-     \-      \-      \-        \-       -.02     -.02                                       .01      -.04     -.05

Note. \**p*\<.0004 (significance level adjusted for multiple comparisons using the Bonferroni test)

DAWBA = Development and Well-Being Assessment, GAD = Generalised Anxiety Disorder; MDD = Major Depressive Disorder; ADHD = Attention-Deficit/Hyperactivity Disorder, ODD = Oppositional Defiant Disorder; CD = Conduct Disorder, SURPS = Substance Use and Risk Profile Scale, H = Hopelessness, AS = Anxiety-Sensitivity; IMP = Impulsivity, SS = Sensation-Seeking, NEO-FFI = NEO Five-Factor Inventory; Neur = Neuroticism, Extr = Extraversion, Open = Openness, Agree = Agreeableness, Cons = Conscientiousness

Predictors of mental disorders at 16 years {#sec019}
------------------------------------------

Hopelessness (*p* = .002), neuroticism (*p*\<.001), openness (p = .003) and conscientiousness (*p* = .007) positively predicted the likelihood of GAD diagnosis at 16 years, over and above baseline symptom levels. Neuroticism predicted an increased likelihood of MDD diagnosis at 16 years (*p* = .04). Extraversion predicted an increased likelihood of ADHD diagnosis (*p* = .03). SURPS traits did not predict MDD or ADHD when controlling for baseline symptom levels and NEO traits. Impulsivity predicted an increased likelihood of ODD diagnosis at 16 years (*p* = .04), and agreeableness at 14 years old was negatively associated with ODD at 16 years (*p* = .01). Impulsivity (*p* = .02) and hopelessness (*p* = .02) at 14 years predicted an increased likelihood of CD diagnosis at 16 years, but NEO traits did not. When NEO personality factors were removed from the regression model, impulsivity at 14 years predicted MDD diagnosis at 16 years (β = .09, S.E. = .02, *p* = .002), and anxiety sensitivity at 14 years predicted GAD diagnosis at 16 years (β = .08, S.E. = .01, *p* \<.001). No other results changed. Attentional biases towards emotional faces at 14 years did not predict mental disorder diagnosis at 16 years for any of the symptoms examined. Results remained unchanged when personality variables were removed from the regression models. Please see [Table 3](#pone.0128271.t003){ref-type="table"} for details.

10.1371/journal.pone.0128271.t003

###### Hierarchical linear regressions predicting symptom severity at 16 years, accounting for site as cluster.

![](pone.0128271.t003){#pone.0128271.t003g}

  Baseline covariates (14 years)                               Symptom severity at 16 years. β (SE)                                                                                                                                                                            
  ------------------------------------------------------------ --------------------------------------------------- --------------------------------------------------- --------------------------------------------------- --------------------------------------------------- ---------------------------------------------------
  Gender                                                       .47(.02)[\*\*\*](#t003fn002){ref-type="table-fn"}   .38(.04)[\*\*\*](#t003fn002){ref-type="table-fn"}   -.20(.06)[\*](#t003fn004){ref-type="table-fn"}      .01(.07)                                            -.03(.06)
  GAD                                                          .34(.05)[\*\*\*](#t003fn002){ref-type="table-fn"}   .12(.03)[\*\*](#t003fn003){ref-type="table-fn"}     -.03(.02)                                           .001(.03)                                           -.02(.03)
  MDD                                                          .12(.04)                                            .23(.03)[\*\*\*](#t003fn002){ref-type="table-fn"}   .08(.04)                                            .04(.03)                                            .06(.02)[\*](#t003fn004){ref-type="table-fn"}
  ADHD                                                         .07(.02)[\*](#t003fn004){ref-type="table-fn"}       .07(.04)                                            .52(.04)[\*\*\*](#t003fn002){ref-type="table-fn"}   .14(.04)[\*\*](#t003fn003){ref-type="table-fn"}     .08(.03)[\*](#t003fn004){ref-type="table-fn"}
  ODD                                                          .003(.04)                                           -.03(.04)                                           .04(.04)                                            .29(.04)[\*\*\*](#t003fn002){ref-type="table-fn"}   .09(.02)[\*\*](#t003fn003){ref-type="table-fn"}
  CD                                                           -.02(.03)                                           .07(.04)                                            .09(.05)                                            .12(.03)[\*\*](#t003fn003){ref-type="table-fn"}     .34(.04)[\*\*\*](#t003fn002){ref-type="table-fn"}
  H                                                            .10(.02)[\*\*](#t003fn003){ref-type="table-fn"}     .06(.06)                                            .05(.04)                                            .02(.03)                                            .11(.04)[\*](#t003fn004){ref-type="table-fn"}
  AS                                                           .04(.01)                                            -.02(.02)                                           .003(.03)                                           -.05(.02)                                           -.01(.02)
  IMP                                                          .04(.04)                                            .05(.03)                                            .004(.03)                                           .05(.02)[\*](#t003fn004){ref-type="table-fn"}       .09(.03)[\*](#t003fn004){ref-type="table-fn"}
  SS                                                           -.02(.02)                                           -.01(.02)                                           -.03(.04)                                           -.02(.03)                                           -.003(.04)
  Neur                                                         .14(.02)[\*\*\*](#t003fn002){ref-type="table-fn"}   .08(.03)[\*](#t003fn004){ref-type="table-fn"}       -.01(.02)                                           .03(.03)                                            -.01(.03)
  Extr                                                         .03(.02)                                            .004(.02)                                           .07(.02)[\*](#t003fn004){ref-type="table-fn"}       .01(.02)                                            .06(.03)
  Open                                                         .08(.02)[\*\*](#t003fn003){ref-type="table-fn"}     .05(.03)                                            .01(.03)                                            .03(.02)                                            .03(.03)
  Agree                                                        -.04(.02)                                           -.07(.03)                                           -.03(.03)                                           -.11(.03)[\*\*](#t003fn003){ref-type="table-fn"}    -.05(.03)
  Cons                                                         .10(.03)[\*\*](#t003fn003){ref-type="table-fn"}     -.02(.03)                                           -.05(.03)                                           .04(.03)                                            .02(.02)
  Anger bias[†](#t003fn006){ref-type="table-fn"}               -.06(.04)                                           -.02(.05)                                           -.03(.05)                                           .04(.03)                                            -.06(.06)
  Fear bias[†](#t003fn006){ref-type="table-fn"}                .02(.05)                                            -.10(.06)                                           .12(.06)                                            .04(.06)                                            .02(.06)
  Happy bias[†](#t003fn006){ref-type="table-fn"}               .04(.08)                                            -.11(.06)                                           -.08(.09)                                           .03(.13)                                            .002(.08)
  General emotional bias[†](#t003fn006){ref-type="table-fn"}   0                                                   0                                                   0                                                   0                                                   0

Note. β = Standardised beta; SE = Standard Error

\*\*\**p*≤.001

\*\**p* ≤ .01

\**p* \< .05

GAD = Generalised Anxiety Disorder; MDD = Major Depressive Disorder; ADHD = Attention-Deficit/Hyperactivity Disorder, ODD = Oppositional Defiant Disorder; CD = Conduct Disorder, H = Hopelessness, AS = Anxiety-Sensitivity; IMP = Impulsivity, SS = Sensation-Seeking, Neur = Neuroticism, Extr = Extraversion, Open = Openness, Agree = Agreeableness, Cons = Conscientiousness

† Results remained unchanged when personality was removed from the model.

Discussion {#sec020}
==========

The aim of this paper was to investigate the role of personality factors and attentional biases towards emotional faces in the risk for mental disorder diagnosis in adolescence, both concurrently and over two years, and to evaluate whether attentional biases towards emotional faces can be used to identify youth at risk for mental disorders in a community youth sample that has not been pre-selected for high levels of traits or symptoms of interest (*e*.*g*. anxiety, depression, externalising problems). Attentional biases towards emotional faces at 14 years did not concurrently or prospectively predict the likelihood of being diagnosed with GAD, MDD, ADHD or CD, suggesting that attentional biases as measured by the dot probe task in the current study do not reliably identify early risk for developing mental disorders in community youth. These results held true when considering attentional biases towards particular emotional faces (angry, happy, fearful) as well as a general attentional bias towards emotions, irrespective of valence. Attentional biases also did not mediate the relationship between personality factors and mental health symptoms. This suggests that, in a healthy community sample, early symptoms of mental disorders are more reliably detected using personality measures than attentional biases to emotional faces. Dysregulation in attentional biases towards emotions may, instead, be present in individuals with a current psychiatric disorder or adults with high levels of certain symptoms (*e*.*g*. anxiety; \[[@pone.0128271.ref015]\]).

These null findings contrast with some previous research \[[@pone.0128271.ref015], [@pone.0128271.ref017]\], but are supported by others \[[@pone.0128271.ref024], [@pone.0128271.ref025]\]. Stimulus latency is known to impact on the detection of attentional biases, and our stimulus exposure duration of 1000ms may have been too long to detect an attentional bias to threat (which was expected in youth high in anxiety sensitivity, for instance)- threat biases are more consistently detected at 500ms \[[@pone.0128271.ref026]\]. However, a 1000ms duration was optimised in order to detect of potential attentional biases in depression-prone youth, following Gotlib and colleagues \[[@pone.0128271.ref016]\]. Thus, the fact that attentional biases were not associated with personality traits related to depression (*e*.*g*. hopelessness, neuroticism), or the likelihood of MDD diagnosis suggests that attentional biases cannot be used to indicate risk for depression. The optimal duration of stimulus exposure to identify attentional biases associated with impulsivity or externalising problems using the dot-probe task has not been established thus far, to the authors' knowledge. The results of this study suggest that attentional biases measured using a 1000ms exposure cannot be used to identify risk factors for externalising problems. One possible explanation for the null findings could be that our outcome measure of mental disorder symptoms was not sensitive enough. However, the fact that personality measures were predictive of outcome suggests that the DAWBA was sufficiently sensitive and specific. The findings from this study supported the concurrent and prospective predictive validity of personality traits in indicating risk for mental disorders. There was some cross-sectional specificity between personality traits and mental health symptoms at 14 years (*i*.*e*. extraversion was negatively associated with GAD and MDD, but not associated with ADHD, ODD or CD), but hopelessness, impulsivity, neuroticism, low agreeableness and low conscientiousness emerged as relatively general indicators of risk for externalising and internalising problems. However, greater specificity emerged over time, with neuroticism at 14 years being the only personality trait to predict an increased likelihood of MDD diagnosis at 16 years, and impulsivity and low agreeableness at 14 years predicting ODD diagnosis at 16 years. These results are fairly consistent with other studies \[[@pone.0128271.ref034], [@pone.0128271.ref035]\]. SURPS traits showed incremental validity over the NEO in predicting the likelihood of GAD, ODD and CD diagnosis at 16 years, but not MDD or ADHD diagnoses. This highlights the value of the SURPS as a short and easy-to-administrate measure in predicting the risk for mental disorders over and above more cumbersome questionnaires such as the NEO \[[@pone.0128271.ref037]\].

There are several limitations of the current study. Firstly, due to the 1000ms duration of stimulus presentation during the dot probe task, it is not possible to conclude whether the absence of threat-related biases is a feature of the sample or the measure. It would thus be recommended to repeat the dot probe task in a community sample with a 500ms exposure duration. Similarly, it would be informative to measure attentional biases towards anger and hostility using a 500ms exposure to assess whether a shorter stimulus exposure could reveal associations with risk for externalising problems. However, the absence depression-related biases can be attributed to the sample, as other studies have detected biases at a 1000ms duration. Future studies should consider using a range of timings (*e*.*g*. 500ms, 1000ms, 1500ms) to disentangle questions of the appropriate time frame to measure attentional biases towards particular emotions. For instance, some studies have noted that a longer response time results in avoidance of threatening stimuli in anxiety-prone individuals, whereas a bias towards threat is typically found at shorter (*e*.*g*. 500ms) stimuli durations \[[@pone.0128271.ref048], [@pone.0128271.ref051]\]. A recent study has suggested that emotional attention is context and time dependent, and assessing the time-varying nature of attentional biases can predict symptoms of mental disorders more reliably than the traditional bias score as currently measured \[[@pone.0128271.ref052]\]. In a related comment, some studies have noted that attentional biases are more likely to be expressed in situations where individuals are emotionally aroused (*e*.*g*. stressed), suggesting that attentional biases influence mood through their interaction with the environment \[[@pone.0128271.ref053]\]. Indeed, it is increasingly acknowledged that cognitive processes such as attention, memory and interpretation are related to one another and to emotion regulation \[[@pone.0128271.ref054]\], and that attentional biases should be considered in relation to other cognitive processes \[[@pone.0128271.ref055]\]. Whilst this was beyond the scope of the current study, an investigation of the interactions between attentional biases, memory, interpretation and mood, as well as the time-varying nature of attentional biases in relation to personality and psychopathology would be worthy of future study. A second limitation is that the dot-probe task used here employs adult grey scale faces and thus may not adequately reflect the social context of youth. Thirdly, using DAWBA computer-rated likelihood scores as a proxy for symptom severity is not equivalent to having symptoms rated by clinicians, however this computer-rated approach has been validated as an adequate manner to evaluate symptom severity \[[@pone.0128271.ref046]\]. A comparison of clinician and computer ratings in a subsample of 343 youth also showed that ratings were significant correlated (*p*\<.001) with Pearson's *r*s in the moderate range \[0.35 (GAD)- 0.6 (ODD)\]. Fourth, there were differences between recruitment sites in terms of attrition and the likelihood of being flagged for unreliable data. This likely reflects site-specific protocols, and these differences were taken into account in the analyses by conducting cluster based regressions accounting for site. Lastly, the correlations between DAWBA diagnoses and SURPS scores, though significant, are small. The fact that the sample in question was healthy is a strength and a limitation of the study in that there was relatively little mental illness to predict. However, the sample characteristics allowed us to investigate the role of personality and attentional biases towards emotional faces on the risk of mental health diagnosis in a community sample. Other strengths of this study include the detailed data collection across multiple modalities (*e*.*g*. here, self-report, parent-report and computer tasks) with a large sample across multiple European sites, comprehensive assessment of personality using two well-validated measures, computer and clinician-validated assessment of mental disorder symptoms from both the child and parent's perspectives, as well as the longitudinal design providing an opportunity to examine prospective risk factors for mental disorders.

In conclusion, these findings suggest that the traditional measure of attentional biases towards emotional faces using the dot-probe task does not reliably predict the risk for developing mental health problems in a community sample. Instead, this study highlights instead both "big five" and SURPS personality factors that differentially indicate prospective risk for mental disorders, and suggests that the SURPS has incremental validity over the NEO-PI-R in predicting risk for GAD, ODD and CD diagnoses. These findings suggest that, while attentional biases to emotional faces may characterise participants with high levels of anxiety, depression or hostility, they are not pre-cursors to the development of mental disorders. This suggests that the risk for mental health problems in a community sample may be characterised, not by attentional biases, but in other ways, such as behavioural, cognitive or motivational tendencies. It is well established, for instance, that personality traits predict coping strategies \[[@pone.0128271.ref056]\], and it may be that specific cognitive or behavioural tendencies under stressful conditions mediate personality vulnerability to psychiatric disorders. The current study suggests that personality factors appear more implicated in risk for the development of psychiatric disorders, possibly through other cognitive-behavioural indicators such as reinforcement learning or response inhibition \[[@pone.0128271.ref057], [@pone.0128271.ref058]\]. This suggests that preventive interventions should target personality risk factors or coping styles, and indeed some selective approaches have demonstrated that interventions focused on SURPS personality risk factors do indeed decrease the risk for future substance use problems or mental disorders \[[@pone.0128271.ref059], [@pone.0128271.ref060]\].
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